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Software: Data reduction

X-rays
+* IDL based.

** Laboratory and synchrotron data

** http://www.pa.msu.edu/cmp/billinge-

group/programs/PDFgetX?2/

| @ POFgetx2 Homepage - Mozilla Firefox 3 (M= %]
e Ed view hgoy gookmans Teds pep i
@@ B 2 (2 mooiwenonme 2 9 24 S
B oavse ) defppusars

| L FoF utoral - documents . 1| % POFgetx2 Homepage o =

PDFgetX2

Curren version : 1.0 Buld : 20050315

PTFigeX2 is a GUI driven ser frendlly program o obtain the atowse pair disuibusicn fnetion (PDF) fom X-ray pawder dilfaction data This program replaces and
extends our older program, PDFgetX. We recommend current PDFgetX users to ugrade to PDFget’2 as we wil not be supportiag the original PDF getX i the futre

Standard comesicns due o backgound subtrcin, saple oo, polarization, Compton s me valabe Pty fx the ecest RAPDE
developanet, ‘dependence of the detection efficiency are also implemented. Standard uncentainties doe to
finite counting sttisics are estmated all steps. The final S( datn files are multiple-cobmn ASCII fles with the peocessing parceneters &
the header. The 5(Q) data also contain the Faber-Ziman weighting Factors for each partial stuctee factor costribeticns a5 addiional colums. The Gir) Se format is
composible with the PDF modeling programs PDEETT and DISCUS

Lisks:

* Domrload PDFgerX2 (Windows & Usix & Mac OS)
* Documenation: peff. 5
* Total scartcring | PDF homepags

Plesse ghve us credt smd inchude the reference Ested befow in <l pepers that publsh resubs that were fll or pestaly obtained using the program PDFget’2. Thask you.

Qi3 Toompson, . Singe, PDEge: A GUL e pcsram 1 brsnh ol i S o X. e e difction dors. G102
Copyright ©

® 2005/03/15, bug of SPEC
® 200510312, fixed the working directory problem due to. [DL6 1, and some minor improvements
® 2005101123, some bugs fived.

® 200407722, some minor bugs fived, GUI enhanced to some extent Optimize 5(Q) and optimize G(r) put under test
+ 2004104126, some GUI polishing e work done.
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Neutrons
** GLASS package / Perl/TK frontend

/

+* Automatic data reduction on NPDF

J

% http://pdfgetn.sourceforge.net/

[@ PoFgetN Home Page - Mozilla Firefox . =al

File Edit View History Bookmarks Tools Help

@ . -5 8 {24] |3 htpi//pdfgetn.sourceforge.net/ + @ || st summer school Y
BY Lujan Budget # Lujan Forum
] PDFgeti Home Page 3| ) UCSC - Directions to Core West ...
2

December 4, 2006

Download WELCOME TO THE PDFgetN REFERENCE
ST HOMEPAGE Please Include the following
port bug reference in ai scentific

Welcome to the new homepage for the PDFgetN program. We publications that include data
Mailing lists are now hosting the programs on Source Forge and hope you processed with PDFgetN.

Iike the added features, such as mirror downioad sites ol over
T the world. P peterson, . Gutmann, T

PDFgetN is used to process scattering data ’fDm llﬂ'\Q of-fight
Totalscattering.org neuron (TOF) difactometers (such as 1 4

)5 b sk e e he as
PDFgatx2 function, S(Q); and the stomic peir distribution function, G(r), powd tion dats, J. Appl,
Crystaliogr, 33, 1192 (2000).

The program can read data from all TOF neutron powder
diffractometers that can create GSAS type files. All processing
parameters are stored with the resulting data and can be
Imported again into the program, The program s controlied via a
graphical users interface but can also be used in batch mode.
PDFgetN is based on the GLASS package developed at the

The PDFgetN team:
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http://www.pa.msu.edu/cmp/billinge-group/programs/PDFgetX2/
http://pdfgetn.sourceforge.net/
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Data modelin
‘PDFFIT’ style
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Software: Data modeling

PDFgui

** Part of DANSE project. ¢+ Calculation and refinement of small

%  http://www.diffpy.org/ model system (< 1000 atoms)

% ‘Rietveld’ type parameters: lattice
parameters, atomic positions,
displacement parameters,

84 tutorial.ddp (C:\Th pasid P
File Edit View Fits Phases Data Calculations Help

& By L
| Phas nesuits < New possibilities: Refinements as

[l rpdf_oo403.gr

B N T E—— function of r range !
ERREE | | oo [ ge !
Scale Factor [0.368477

deltai [2.37187 delta [0.0 *

e o ** Automatic refinement of multiple
e datasets as function of T or x.

elem x ¥ z ul1 w22 u33 w12 w13 w23 occ

10 )-0.00936065 | -0.00936065 -0.00936065 0.0143455 0.0143455 0.0143455 0.0 00 00 10

<) I [> 2|20 0.00936065 0.509361  0.509361  0.0143455 |0.0143455 0.0143455 (0.0 0.0 0.0 (1.0
= = 3|In 0490639 -0.00936085 0480638  0.0143455 (0.0143455 00143455 0.0 0.0 0.0 1.0 \J/ T4

e X [alzn  0.0e361  0.50931  0.00936065 00143455 (0.0143455 0.0143455 0.0 0.0 0.0 1.0 ‘.’ I ntu Itlve G U I
5Te  0.256125  0.243875  0.255125  0.0062988% |0.00529889 0.00629889 0.0 0.0 0.0 1.0 .
s hd 6/Se  -0.2%125 -0.243875  0.243875  0.006529889 |0.00629889 |0.0062988% 0.0 0.0 0.0 1.0
7Te  -0.243875  0.256125  -0.256125  0.0062988% |0.00529889 0.00629889 0.0 0.0 0.0 1.0
85e  0.256125 0.243875  -0.256125 |0.00529889 (0.00629889 000629883 0.0 0.0 0.0 1.0 <

** Engine pdffit2 can also be used in

— : command mode.
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PDFfit: Refinement of a small structural model

Example: Is sandstone simply quartz ?

T T T T T T T T T T T
sl B Data ———

* Refinement of . Differonte :
structural parameters: of !
lattice parameters, ' '

atom positions,

occupancies, adp’s, .. Al |
« Small models (<200 il (W\A A Mn AA,\ ﬁ ML /\ g /\J\ . (\

atoms). IR VMJ I \JUU |
o _Ctoirectiorl[sforP?ax, ij VUUU w U W\’J u\lw

correlated motion. o

e Software: PDFit,
PDFfit2 and PDFGui. 1 E—

4 B 12 16 =20 24 2
r{&)

 “Real space Rietveld”

G(r) (473

K.L. Page, Th. Proffen, S.E. McLain, T.W. Darling and J.A. TenCate, Local
Atomic Structure of Fontainebleau Sandstone: Evidence for an
Amorphous Phase ?, Geophys. Res. Lett. 31, L24606 (2004).

/\
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Refinement range — length scales in structure

* Simulated structure of

0000 O0OOOOIOIOIOOORONONONOROOOOOREOOS _
SRS S 20x20x20 unit cells.
o000 OOOOGOIOIOIOOOOOOROROROOOOREOES _
soesssiiiiiosssiiiiississ | - Matrix (M): blue atoms
0000 0O0OOCOOOOOOOONOOOOOOORTOOS _
ssilrrosiiiosssiosiiiiiis| ¢ Domains (D): red
0000 0OOOOOOONOONOONOOONOOOTODS atoms Spherical
000 OOOGOOOOOOOOROOOOONOORREOS !

0000 0OOOOOIOOOOONONOOOOORONONOODN Shape’d:15A_
o0 eO0OOOIOGOOOOIOOONOOEONOOOOOORREOES

0000 0O0OCOCOOOOIOOOOOOOOROROOORESOES

o000 OOOOOOOOOOONOROOOROOOOOOS ° fgnumﬂedusmg
e0oeooOOOOOOIOOOOOOOROOOOOREOES

o000 OOOOGOOOOOOEOOOROROOOOOBREOOS DK%:US_

o000 OOOOOOOOONOROOOROROROOOORROOOS

o000 OOOOOOOOOROROOOOROOROOOEOO

0000 OOIOIOGOOIOONONOIOIONOONOROROROOONREOONS
eoeOOOOOOOOONOOOOOOOOOODRDREOES
ceccccsecsecsessesscscess

00000000000 O0OROCROCROOOOOOROORESOES

000000000000 OCRCROCROCORROOOROOORTSOTES

Th. Proffen and K.L. Page, Obtaining Structural
Information from the Atomic Pair Distribution
Function, Z. Krist. 219, 130-135 (2004).
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 Top: Single-phase
model with blue/red
fractional
occupancies (O).

 Bottom: Refinement
of same model for
5A wide sections.

e Extensions:
— Multi phase models

— Modeling of
boundary

— R-dependent
refinable mixing

parameters

» Los Alamos
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Refinement range — length scales in structure

Operated by the Los Alamos National Security, LLC for the DOE/NNSA
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Refinement range — the mystery of LaMnO,

DISTORTED OR NOT DISTORTED?
Study of the Jahn-Teller distortion in LaMnO,

N 1 1 T Al il
o | ®

Long Range Structure:
Jahn-Teller distortion disappears
at high temp

<3 |
-
2 | | .
_3 ~fE A A&A‘ |42, W
g s =nlfun @S 1 X. Qiu, Th. Proffen, J.F. Mitchell and S.J.L.
L 1 .- Billinge, Orbital correlations in the pseudo-
250 500 750 1000 4 8 12 16 20 cubic O and rhombohedral R phases of
T (K) r(R) LaMnO3, Phys. Rev. Lett. 94, 177203 (2005).
Local Structure: max

Jahn-Teller distortion persists
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Calculating a PDF ..

e Calculating a PDF from a structural

model: (@)
G(r) = Z o 5(r— )| -4mtp, Gy Ol 5
°2 ; . 5 B 2
. r(R)
e Thermal motion (&)

— Small crystal = convolution of 5(r-r;)
with distribution function (PDFFIT)

— Large crystal = actual displacements
& ensemble average (DISCUS)

20
20

G(R™?)
_10

G(R™?)
__10

0
0

* Termination ripples

— Multiplication with step function in
reciprocal space gives convolution
with sin(Q,,,.")/r in real space. B : NI : : AL

% &) 2 3 r(g)4 5
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PDF analysis: Analysis of individual peaks

. N PDF peak width of InAs
’ ! . , <uncorrelated ootk
E 0.010}
. . . . correlated = I
— - — ~ 0.005 -
0.000! 03 05 07 09 11 13 s
> Correlated motion results in sharpening S e

of near neighbor PDF peaks.

Calculated PDF without “0” of InAs

» Empirical correction

N\

_ _ 7 0 o
o, —\/0'0 olre—ylr s
. 1 2 -500 L 1 L 1 " 1 L 1
» Future: Extraction of phonons ?* o7 03 oc 07 59
r(nm)
/\ Jeong et al., J. Phys. Chem. A 103, 921 (1999)
— )
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Calculating a PDF: PDFfit

PDF calculated according to
:N/ G(r) = Z o 0 5 -1,) |- 4,

In more detail

% G’(?"k,s) — f ng pr 7"& 5

e ii(P) - Ti5(rk, p)]
_47”%00(13)
Bir(s) = exp [_ (Tkgg(s))j
Aij(p) = Ci(p)?ligf)bibj

(7 _ 1 oxny | Lk = rij(p))®
Tij(rk,p) = V2roi;(p) P [ 207,(p) ]
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Nanoparticles: Particle size

G(r) (A7)

r(R)
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Data modeling
‘DISCUS’ style

(RMC and DIFFEV)

» Los Alamos
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Software: Data modelin

DISCUS r—

Diffuse Scattering
and Defect Structure

+%* Disordered materials simulations

+* Refinement via DIFFEV / RMC

REINHARD B. NEDER
AND THOMAS PROFFEN

** http://discus.sourceforge.net/

B Ordering and distribetion of domains 123

— . 0, sms a5 well as switching
‘@ DISCUS Package Home Page - Moljlla Firefox [:@ a sorting process doss
T T T T = 0 o crystal, but just tries to

s / v 2 . 5 allows these 1o assume
e) ) @ = ﬁ: & hupjjdiscus. sourceforge.net ¥V (0) wzanse cattech logo ; s these to assume

Uy the position (0,0,0)
o the next integer lattice

File domaiyiom spheres sort mac.

N

& [ ericio . DISCUS Package Home Page & ®

DISCUS
| SIMULATION PACKAGE

Kugust 23, 2008
INTERNATIONAL UNION OF CRYS

o ithile pe matrix by a factor of

[— CI 2 nt, the structure looks

ced at average distances

[ — Welcame to the new homepage for the DISCUS program package. e are now hosting the . 1‘28"1‘“ <::;b

programs on Source Forge and hope you like the added features, such 35 minor download  piease reference Ine following papers P i

Mailing lists sites all over the world n all your scientific publications using is dus to the fact that between the i TR
it il

‘host and the demains is just the erdering of equal atoms into respec-
tive domains. Such a short range order between atoms of equal type
will give d the vicinity around each Bragg mflection.
The Fourier transtorm of the domain distribution ismultiplisd with the

ane of our programs
Project home The DISCUS package consists of fouf programs, each of which could be used independently proge

orin combination. The first program in the packape is DISCUS itself and the development pIscus
Totalscattering.org started some ¥ Relnhard Neder. D
disardered atomic structures and compule the comespanding experimental data such as
single crystal diffuse scattering or the atomic pair dishribuion funclion (PDF). Features

jears ag

S Is @ general program to generale

include symmeby operalions, Monte Carlo simula ihe generabion of
domain strucure to name just afew.
The second program is called PDFFIT. i used for full profile refinements of the POF based o
on an atomic siruciure. The program uses least squares and employs a very powerlul way o I~ .
implemant consiraints. Recently we have added a graphical users inferface for simple H
refinements R
The next program is DIFFEV. This is a genaric minimizaion program using an evolutionary
aigorithm s designed o work wilh the ofher programs in the package ¢
Finally me package contains 3 general plotiing program called KUPLOT Fly .8 Lot Finl crytal stmace. The short ange ccer domain disrbution has been B
Right -
ol o ko - =

Thomas Protfen, Beinhard He

Oxford University
Press, June 2008
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Diffuse package: DISCUS, PDFfit and DIFFEV

PDFit
— User defined relation between parameters and refinement variables. Retired !!
— Multiple structural phases and data sets (neutron and X-ray) supported. o

 DISCUS
Calculation of Fourier transform, inverse and difference Fourier.
— Expand structure from asymmetric unit and space group symbol.
— Structure “statistics”: correlations, real space lots, ...
— PDF calculations.
— Monte Carlo simulations.
— Reverse Monte Carlo simulations — diffuse scattering & PDF.
— Symmetry & unit cell transformations.

 DIFFEV: General minimization using evolutionary algorithms
« KUPLOT: General plotting program

e Common features
— Command language including loops and IF statements.
— Online help function
— UNIX or Windows operating system.
— Binary or source code distribution.

—  Written in FORTRAN-77 (and some C). T7i7e crogpy o Meden % Appl. COE 50

Th. Proffen and S.J.L. Billinge, J. Appl. Cryst.

* Link: http://discus.sourceforge.net 32, 512-575 (1999).
2,
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Software: RMCprofile (Matt Tucker lecture)

@ RMC homepage - Mozilla Firefox |, os|
E

 RMCprofile 6550 e
— Atomic configurations ~600 to T
20000+ atoms
— Fit both X-ray and neutron F(Q)
— Fit G(r)
— Fit Bragg profile (GSAS tof 1,2 & 3)
— Polyhedral restraints
— Coordination constraints
— Closest approach constraints

| ore

* Produce a static 3-D model of the
structure (a snap-shot in time)

e Link: http://www.isis.rl.ac.uk/RMC

» Los Alamos
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DIFFEV: Refining model parameters

 PDFfit and RMC
— Refine structure directly in terms of atom
coordinates etc ..
— Difficult for complex systems

e Alternative
— Refine parameters of a structural model and
not each atom.
— Example nanoparticle: diameter, atom
spacing, stacking fault probability, ...
— Choose minimization — here DIFFEV

/‘\
> L?s Alamos

NATIONAL LABORATORY UNCLASSIFIED /
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Differential Evolution

P2 O O
O
O difference vector
parent _ O
O trial (d,p)
trial (p,d) donor = trial (d,d)
O ‘/d;ference vector * factor
donor base
choose parent P1

choose difference vector

add to donor base to get donor
cross-over between parent and donor

compute cost function, keep better of parent/trial

/\
> I.’ojs Alamos
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Example: ZnSe nanoparticles - Model

create a large single Wurtzite layer A/B

Stack along c (with faults)

Cut to proper size
Calculate PDF / powder pattern

Repeat and average

Repeat with new set of parameter
using a Differential Evolutionary Scheme

{110} and {001} Software: DISCUS and DIFFEV
2
» Los Alamos
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Example: ZnSe nanoparticles - Results

C. Kumpf, R.B. Neder et al., Structure
determination of CdS and ZnS
nanoparticles: Direct modeling of
synchrotron-radiation diffraction data, J.
Chem. Phys. 123, 224707 (2005).

—_— EXp
—  calc

20
T T
——
1

* Results: ar H .
— a=3.973A, c=6.494A _al
. &
— Diameter ~26A 3
Stacking fault prob. 70% |
l‘I:’-' I N | | & 1 | | ]
/\ 1 2 5] 4 5] B 7 8
) A
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Get started at

http://skywalker.lansce.lanl.gov/lujan/instruments/NPDF/school.shtml
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